We report the analysis of a number of lines of Drosophila melanogaster containing insertions of the yeast gal 4 gene. By crossing a UAS-lacZ fusion gene as a reporter into these lines, we analysed the expression patterns of β-galactosidase during oogenesis. Since there is no expression of GAL4 in the germ-line in these experiments, this is an ideal system for the analysis of expression patterns in sub-sets of follicle cells. These lines provide ideal markers for sets of follicle cells, e.g. anterior or posterior polar cells for studying genetic interactions in oogenesis; however, they can also be used in the same way as conventional enhancer traps to clone nearby genes with similar expression patterns. The advantages of this dual gal 4 /UAS system over conventional enhancer trapping includes the possibility of GAL4-directed misexpression and antisense expression studies to establish the function of the genes we identified during follicle cell determination and differentiation. These studies could lead to the isolation of homologous genes crucial in mammalian oogenesis. Understanding how the somatic cells and germ cells interact to promote growth and maturation of the mammalian follicle and oocyte could well be crucial for improving the fertility of eggs used for in-vitro fertilization programmes, and could provide methods for assessing the quality of eggs.
Introduction
The egg is uniquely able to give rise to all the cell types of an organism. To do this it is a complex cell, assembled in the mother's ovary. Progress in human and animal reproductive technologies such as in-vitro fertilization make it imperative that we understand how the egg is assembled. Only then can we discover what can go wrong in its development and, perhaps in the long term, how to correct defects. Research at the molecular level on mammalian oogenesis lags behind some other species; this is because they are small, experimentally difficult and, of course, there are ethical considerations. Using our knowledge of other systems and the recent substantive advances in molecular developmental biology it should be possible to gain entry into understanding some key aspects of mammalian oogenesis.
Oogenesis in Drosophila
The ovaries of Drosophila are arranged as ovarioles, each containing egg chambers of increasing developmental age, passing from anterior to posterior. The oocytes arise from stem cells located in the germarium and, in order to generate each egg chamber, the germ cell divides four times to generate a 16-cell cluster of linked cells; these become surrounded by somatic follicle cells. The germ cell lying at the posterior of the chamber is determined to become the germ cell whilst the others become nurse cells. They provide materials to the developing oocyte. The nurse cells become polyploid and are connected to each other and to the oocyte. They not only supply the building blocks of the egg, such as ribosomes, tRNAs, histones, etc., but also supply information to direct the subsequent embryogenesis. They degenerate late in oogenesis. The follicle cells which surround first the germ-cell cluster, then the oocyte, supply yolk and make the vitelline membranes and chorion which protect the egg. They too then degenerate. The egg which is produced is able to develop to the blastoderm stage using the stored maternal mRNAs. During oogenesis it has already acquired an anterior-posterior and dorsal-ventral polarity which is apparent in the shape and morphology of the egg. The embryo that develops from it has its anterior-posterior and dorsal-ventral polarity determined by information stored in the egg by the mother.
Once the egg is laid the embryo is divided into a segmented organism and this is set in motion by determinants located at the anterior and posterior poles. These determinants are present as localized mRNAs. The anterior determinant is encoded by the bicoid gene; it is localized at the anterior of the egg. Once it is translated after fertilization a gradient of Bicoid protein forms which diffuses from anterior to posterior. The protein is a transcription factor which activates zygotic genes needed to establish the anterior of the embryo and turn on other genes needed to divide it into segments.
At the posterior is a complex of determinants needed to set aside the germ cells of the next generation and to determine the posterior regions of the embryo. Nanos is the key gene here and it acts to prevent the translation of a protein needed to determine the anterior of the embryo and allow posterior development. The Nanos protein is part of a complex called the polar granules. These are distinct structures containing many maternally-derived mRNAs and proteins. Some of these components, such as the product of the germ-cell-less gene and a cyclin-B mRNA, are important in germ cell development.
So how is all this set up during oogenesis? One of the most crucial parts of the system is the cytoskeleton as it controls the polarized transport of the stored determinants. A polarized microtubule network forms in the germarium and extends through all the nurse cells and the oocyte. It is set up with the plus ends in the nurse cells and the minus ends at the posterior of the oocyte. Just before the major growth of the oocyte, this network is completely repolarized within the oocyte so that the minus ends are located anterior to the oocyte.
Many events occur during oogenesis to ensure that the mature egg is ready for development. This requires not only the information and materials passed to the oocyte by the nurse cells, follicle cells and other somatic cells, but also constant interaction with the surrounding layer of follicle cells. It is the cell-cell signalling between these cells which gives the oocyte its polarity.
The first step is to determine the oocyte itself within the 16-cell germ cell cluster. This depends upon the genes Bic-D and orb. As this happens, several mRNAs become transported to and localized within the oocyte. So at this point, in the posterior of the germarium, mRNAs are already being moved to the pro-oocyte and they determine that it becomes the oocyte. The microtubule network is crucial for this transfer mechanism and oocyte determination.
As the oocyte is determined at the posterior of the cyst, it lies next to a specific group of posterior follicle cells. The product of the grk gene signals to these follicle cells. It encodes a TGFα-like molecule and this signal is received in the follicle cells by the EGF receptor homologue of Drosophila (top/ DER). This sends a signal to the nucleus of these follicle cells via a kinase signalling pathway. The follicle cells then signal back to the oocyte. Several genes are needed for this to occur properly, including notch and Delta in the follicle cells and protein kinase A in the germ cells. As a result of this, the microtubule array is reoriented as can be seen with kinesin which defines the plus-end-directed microtubule motor. Stored mRNAs then tend to be localized at the anterior of the oocyte when this reorganization of the network occurs. Eventually bicoid mRNAs remain at the anterior of the oocyte.
To set up dorsal-ventral polarity requires a second signal. As the microtubules reorganize, the oocyte nucleus is carried to the anterior of the oocyte and it comes to lie at the periphery of the oocyte. The grk product, which relocalizes with the oocyte nucleus, signals again to the overlying follicle cells; the signal is received by the EGF receptor homologue and the information is transmitted to the nucleus, defining the anteriordorsal follicle cells. Later these follicle cells migrate and produce specialized parts of the egg membranes. The follicle cells become further divided into subpopulations and later the ventral follicle cells signal to determine the dorsal-ventral axes of the embryo.
The follicle cells at the anterior of the egg chamber migrate to lie at the anterior of the oocyte and, along with the posterior follicle cells, are important in sending signals which determine 854 the terminal regions at the extreme poles of the egg. Thus the whole process of producing the highly organized egg occurs rapidly during oogenesis by constant interplay between the oocyte and follicle cells.
The localization of mRNAs depends not only upon the cytoskeleton but also upon the 3Ј UTRs of the mRNAs themselves. These are not only required for the correct (anterior or posterior) localization of the mRNA but also for translational repression of these stored RNAs, since they need to be stored untranslated until after fertilization.
A number of protein factors have been found which bind 3Ј UTRs, such as the products of exuperantia, swallow and staufen for the localization of bicoid mRNA. Posterior localization requires more genes. Staufen and vasa proteins are needed and they localize oskar, nanos, and cyclinB mRNAs. These products also localize along the microtubule network.
The dorsal-ventral axis, as mentioned earlier, depends upon a signal from grk which becomes associated with the oocyte nucleus when it moves to the oocyte anterior as the cytoskeleton repolarizes. Several mutants disrupt this localization such as fs(1)K10, squid, cappuccino and spire. K10 is a DNA binding protein and squid is involved in RNA processing and both are found in the oocyte nucleus at this time. However, the oocyte nucleus itself is transcriptionally inactive. It is the position of the oocyte nucleus, by virtue of grk localizing to it, that determines the position of the dorsal-ventral axis.
The above summary has drawn from the contents of many papers; for key reviews see Lasko's book (1994) and a review by Micklem (1995) .
Mammalian oogenesis
Our aim here is to describe briefly mouse oogenesis and to look for clues that may help us to understand the molecular mechanisms important in other mammals. Mammalian oogenesis and early embryonic development looks rather different to that in Drosophila where everything is compressed in time. Furthermore, historically the methods of study and questions asked have been very different in these systems. The approach of looking at homologous genes in such different species has already been demonstrated to be extremely valuable at later developmental stages and will be discussed later.
One big difference is the division of mouse embryonic development into two phases, the short phase where a blastocyst develops prior to implantation and the subsequent phase when just one group of cells in the blastocyst develops to make the embryo and differentiates into all the appropriate tissues and organs. These stages are very difficult to study and rather few mutants have been analysed. Indeed there are very few maternal effect mutants; the zygotic genome takes over at the 2-cell stage in mouse rather than at blastoderm formation as in flies. So some of the events occurring in oogenesis in Drosophila are probably delayed in the mouse and occur in early embryogenesis. Nevertheless, maternal mRNAs are important.
The implantation event seems to be crucial for nutrition rather than instruction for embryonic development, so we need to look at oogenesis and the blastocyst to discover the instructions for development.
The primordial germ cells divide in the genital ridges and come to lie in the peripheral regions of the ovary where they become surrounded by follicle cells, and thus they form a follicle. The follicles gradually become separated from one another and remain quiescent until sexual maturation. Hormonal cues then stimulate them to grow and develop in small groups. The oocyte dramatically increases in size and the follicle cells continue to divide; eventually the oocyte occupies the antrum, which is fluid-filled.
For this process to occur, interactions between the growing oocyte and surrounding follicle (granulosa cells) are required. The oocyte influences the development of the follicle and the follicle cells influence the oocyte. During this phase there is an accumulation of materials needed for embryogenesis, including a huge store of polyA ϩ mRNAs, reaching very high proportions (~20%) of the total RNA. We know that this includes histones, ribosomes, etc., but rather little is known about the nature of the stored mRNAs and how they are translationally repressed. Although the zygotic genome takes over at the 2-cell stage in mouse, this takes 24 h, whereas in Drosophila the zygotic genome takes over at the blastoderm stage, in only 3 h. However, the rapid activation of the zygotic genome does not mean that the stored mRNAs no longer have any function.
Little is known about the recruitment, translation and function of the maternally stored mRNAs or about the oocytenurse cell interactions required during follicle development at the molecular level. Certainly new species of protein are translated from the maternal mRNA pool at the 1-and 2-cell stages.
The first differences in determination are seen as the embryo segregates into inner cell mass and trophectoderm cells. Quite what sets up this initial difference is still the subject of debate; there seems to be a difference gradually established between cells on the inside and cells on the outside but cell fate takes some time to be really fixed. Even less is known about how cells are later determined and how the embryonic axes are determined and developed. There may be some polarized preexisting differences in the newly ovulated egg which generate these differences in the 2-cell types first established. There is also a major difference between the mouse and flies in terms of the genomic imprinting phenomenon observed in mammals. This section also covers information from many papers; for reviews see Eppig (1991) , Gosden (1995) , Gosden and Bownes (1995) and Wilkins (1993) .
Evolutionary conservation of genes used in later development
There are several methods of obtaining mouse mutants, but one of the most fruitful approaches has been to use Drosophila genes to isolate the mouse homologues. This has been extremely successful with the homeotic gene complexes of Drosophila, essential for the establishment of segment identity. What has been significant is that not only do the genes exist in mammals, but also their genomic organization and expression patterns in development are remarkably conserved. These are the Hox gene clusters in the mouse. In both mouse and Drosophila the chromosomal order of the genes in the cluster is reflected in their anterior-posterior expression pattern along the embryonic axis. The genes probably even perform similar functions. This is reviewed well in Wilkins (1993) and extensively by Edwards and Beard (1997) . It is hoped that some of the genes already shown to be important in Drosophila oogenesis, such as nanos, and some of the new genes we are isolating, using novel methods, in Drosophila (described below) will also be crucial in mammalian oogenesis and early embryogenesis. The genes can be isolated in mammals using the Drosophila genes as a starting point to look for homologues, as has often been successful at later developmental stages.
Why look at follicle cell gene expression in Drosophila ?
The follicle cells have crucial roles in oogenesis and are far from homogeneous. They are very dynamic and often involved in morphogenetic movements, first surrounding the whole egg chamber and then reorganizing to leave a very thin layer of cells over the nurse cells and a columnar layer around the oocyte. Cells from the anterior of the egg chamber migrate through the nurse cells to the anterior border of the oocyte where they will produce the micropyle, and dorsal-ventral differences appear in the shape of the egg chamber and follicle cells. Still later, chorionic appendages are formed dorsally from materials secreted by the follicle cells (for reviews see King, 1970; Spradling, 1993) .
Although some of the functions of follicle cells are well known, such as supplying yolk proteins, chorion proteins and vitelline membrane proteins, and their role in determining embryonic dorsal-ventral polarity and terminal embryonic regions is reasonably well established, rather little is known about the earlier interactions between follicle cells and oocyte. Recently this has begun to be addressed (González-Reyes and St Johnston, 1994; González-Reyes et al., 1995; Roth et al., 1995) . The posterior localization of the oocyte in the egg chamber provides a signal to the posterior follicle cells setting them upon a posterior developmental pathway. Later these same posterior follicle cells signal back to polarize the cytoskeleton along the anterior-posterior axis of the oocyte. This is used for the RNA and protein localization machinery which has been extensively studied (e.g. Pokrywska and Stephenson, 1991; St Johnston and Nüsslein-Volhard, 1992; Cooley and Therkauf, 1994; Lane and Kalderon, 1994; Therkauf, 1994) . It now seems that the molecules and genes generating these signals are the same as those which had already been shown to determine the dorsal-ventral axis a little later in oogenesis, that is a grk signal is received in the posterior follicle cells. A gene called cornichon (cni) affects both anterior-posterior and dorsal-ventral patterning and causes mislocalization of both bicoid and oskar RNAs. The phenotypes observed are identical to grk and top, thus it seems to represent a new component in the grk/top signalling pathway in the germline (Roth et al., 1995) . The links that have not yet been identified are between receipt of these signals in a subset of follicle cells to specific groups of follicle cells sending new signals back to the oocyte or egg depending upon the stage of development.
Although there are clear gaps in our understanding we do have some pieces of the puzzle of what happens in the dorsal anterior follicle cells when they receive the grk signal. It has been shown that the Raf serine/threonine kinase is also involved in the EGF signalling pathway in the follicle cells, acting downstream of the grk/top signal. Expressing Raf ectopically in follicle cells dorsalizes the eggshell and embryo, whereas reducing it ventralizes the eggshell (Brand and Perrimon, 1994) . Raf is thus required in follicle cells. It had previously been suggested that Raf was involved in transducing signals from the torso and sevenless pathways for the determination of terminal regions of the embryo and the determination of the R7 photoreceptor in the developing eye, acting downstream of Ras. Presumably then in the germ cell-follicle cell signalling, there is a pathway that begins with a signal grk (germline) → EGF receptor (follicle cells) → Ras → Raf. It is likely that Dsor 1 (which encodes the MAP kinase activator MEK) and MAPK are then intermediates before a signal is received in the dorsal follicle cell nuclei to modify their gene expression. Clearly this pathway is not fully understood in the follicle cells and there may be other components to be found. One such component is encoded by the rhomboid (rho) gene. Mutants cause ventralization of the eggshell and embryo. The product is localized on the apical surface of the anterior dorsal Figure 1 . Signal transduction in the generation of dorsal-ventral polarity of the Drosophila egg and embryo. Two signal transduction pathways are required in the determination of the dorsal-ventral axes of both the oocyte and early embryo, one on the dorsal side and the other on the ventral side of egg chamber, respectively. Production of the active grk signal requires cni and brn, but its distribution depends on K10, sqd, orb, capu, and spir. Once grk activates Top in the dorsal-anterior follicle cells, a ras signal pathway is activated, leading to the phosphorylation of unidentified transciption factors (activators or repressors) which determine the dorsal fate of these follicle cells. On the other hand, ndl, wind and pip, expressed in the ventral follicle cells somehow cooperatively produce an unknown ventral signal which, as a cue for the embryonic polarity, activates a series of serine and threonine proteinase activation steps, leading to the localized proteolytic processing of spz. The binding of Tl receptor by the spz product in turn activates tub and pll, which release dl from its complex with cact protein by phosphorylation, leading to the nuclear localization of the dl protein. (Ruohola-Baker et al., 1993) . Figure 1 shows a summary of what is happening during signalling between the oocyte and follicle cells in relation to dorsal ventral polarity. The same signalling cascade is thus used twice in oogenesis resulting in very different consequences for the groups of follicle cells that receive the signal on each occasion. The changes in gene expression initiated are essential for the differentiation of the oocyte and embryo.
Our aim is to find genes expressed in subsets of follicle cells which are involved in their differentiation and their interactions with the oocyte. This seems especially relevant to mammalian oogenesis as some components of the system are already known to be involved, such as transforming growth factor (TGF)-α and TGF-β, but their exact functions are unclear.
For many years developmental problems in Drosophila have been approached genetically by inducing mutations that affect the process of interest and investigating their phenotypes and interactions with other genes, followed by a molecular analysis of the genes. Oogenesis, however, is an immensely complex process and many of the genes essential for the differentiation of an oocyte have been used at earlier developmental stages.
This means that mutants in many of the genes crucial for oogenesis die at earlier developmental stages, so the role of these genes remains unclear. More recently this has been addressed by using 'enhancer trapping'.
The technique involving P-element-mediated enhancer detection (O'Kane and Gehring, 1987) has great potential for finding genes expressed specifically in oogenesis since the pattern of reporter gene expression details the spatial and temporal regulation of the gene normally controlled by that enhancer Grossniklaus et al., 1989) . Basically a bacterial gene encoding β-galactosidase is placed in a transposable P-element and moved around the genome using a transposase provided from another insertion which cannot itself transpose. By using genetic crosses, this transpos- 857 ase is present for just one generation, and then the resulting transpositions are stable. To determine whether the P-element now lies near to an enhancer of interest, the adults from all of the lines are dissected and male and female carcasses, ovaries and testes are stained for β-galactosidase, and those giving ovary specific staining are selected. The DNA flanking the inserts which give interesting ovary specific patterns of expression is then cloned. We have used this approach in our laboratory to clone several genes expressed in the ovary.
More recently a 2-step technique has been developed which has special advantages for investigating the roles of follicle cells in oogenesis, and it is this method which we describe herein.
Results and discussion
The gal 4 /UAS enhancer trap system and its advantages A modified version of enhancer trapping uses the yeast gal 4 gene as the first reporter gene, which is driven by a 'minimal' hsp 70 promoter, including only the TATA box and the transcription initiation site of hsp 70. Therefore, the expression of GAL4 is dependent upon a genomic enhancer close to the P[gal 4 ] insertion site. The gal 4 gene encodes a specific transpositional activator which binds to a UAS (upstream activation sequence) target sequence. To visualize the expression pattern the lines expressing GAL4 are crossed to a line carrying a secondary reporter gene UAS-lacZ and as a result β-galactosidase is produced in those cells expressing GAL4 (Brand and Perrimon, 1993) . The principles of this method are shown in Figure 2 . Although the initial screening for lines of flies with relevant expression patterns is slower as each line must be crossed to the P[UAS-lacZ] flies to visualize the expression pattern, there are numerous advantages. For reasons which are not understood, no GAL4 expression occurs in the germ-line. With conventional enhancer traps, many genes show high levels of expression in the germ-line-derived nurse-cell, and as a result obscure subtle expression patterns in follicle cells. This system allows us very clearly to observe even single follicle cells expressing the reporter gene. As with conventional enhancer traps we can clone flanking DNA to search for the nearby gene expressed in this spatial and temporal pattern in oogenesis and we can create mutations by excision and mobilization of the inserted P [gal 4 ] elements. In addition we can create transgenic flies carrying the gene we clone under UAS control. This enables us to ectopically express it in the wrong follicle cells or at the wrong time in development and observe the results of misexpression of the genes. We can also make constructs designed to express antisense RNA under UAS control, and by crossing with appropriate P[gal 4 ] lines we can 'turn off' expression of the gene of interest in subsets of follicle cells, since the antisense is able to block the native gene expression. This targeted silencing technique is especially valuable when the mutations are lethal at an earlier developmental stage, as we can select a P [gal 4 ] line which only switches on the follicle cell expression pattern, thus allowing flies to survive the earlier lethal stages and enabling us to analyse the phenotypic effect of disrupting expression in oogenesis. using this technique to repress expression of an unconventional myosin during oogenesis, we were able to identify its function in follicle cell migration (W.-M.Deng and M.Bownes, unpublished data). We can also use the P[gal 4 ] lines as markers to define where in the genetic pathway the 858 genes we are studying can be fitted, by asking if expression patterns are altered in given mutant backgrounds.
Expression patterns in oogenesis
We observed expression in 413 lines with P[gal 4 ] insertions on different chromosomes and the results are shown in Table Ia . Approximately one-third of the lines showed expression in the ovary and 22% were stained in subsets of follicle cells. Table Ib shows the distribution of expression patterns. Examples of some of these classes are shown diagramatically in Figure 3 and some examples of ovaries stained for β-galactosidase are shown in Figure 4 .
As can be seen, the follicle cells show highly dynamic and detailed expression patterns. Some genes are expressed in anterior follicle cells, others in posterior follicle cells, some in both (Figure 4a ). The developmental stage at which this occurs is variable. In the follicle cells overlying the oocyte, subsets of expression can be seen as a narrow cap at the posterior (Figure 4a ), a broad cap at the posterior, or all the follicle cells occupying the posterior half of the oocyte (Figure 4e ). Some subsets occupy a band around the anterior region of the oocyte. Follicle cells which are stretched over the nurse cells can also be uniquely stained (Figure 4b) .
We have divided the expression patterns into 10 classes which are detailed below. Step 1: Rescue of the flanking genomic fragment: the genomic DNA of the enhancer line is digested with a restriction enzyme 'X' which has a recognition site in polylinker 'PL3Ј. If there is also a site of 'X' in the genomic sequence close to the P insertion site, the flanking genomic DNA can be recovered to a plasmid containing vector pBluescript, after ligation and transformation to Escherichia coli.
Step 2: Larger genomic fragments are isolated by screening the genomic library with a probe from the rescued flanking genomic fragments.
Step 3: Target cDNAs are isolated by screening the ovarian cDNA library with the larger genomic fragments as probes.
Step 4: Whole mount ovarian in-situ hybridization is used to compare the expression pattern of the cloned cDNA with the reporter gene expression pattern in the starting P [gal 4 ] enhancer line.
We observed that 24.7% (37/150) of the lines stained in ovaries show staining in the anterior follicle cells. Anterior follicle cells include those that lie at the anterior end of the egg chambers during the early stages (stages 2-7) and the follicle cells that form the anterior structures of the mature egg. The latter includes the border cells, the centripetal migrating follicle cells (CMFC), and the nurse cell-associated follicle cells (NCFC). Border cells migrate from the anterior pole to the egg chamber between the nurse cells and lie at the anterior of the oocyte during stages 9-10. They are required to direct the production of the micropyle (the sperm entry point) (Montell et al., 1992) . We have seen three P [gal 4 ] lines which show staining in the border cells, and all of them still show staining at the anterior pole when border cells are undergoing migration; this may suggest a close relationship between the border cells and the cells at the anterior of the egg chamber during later stages. There are two lines which show staining in CMFC, which migrate centripetally to cover the anterior end of the oocyte during stage 10b. They are required to form the operculum (needed for the embryo to hatch from the egg) and the ventral collar (a structure surrounding the operculum). NCFC are the follicle cells that remain associated with the nurse cells, when most of the follicle cells migrate posteriorly at stage 10. Their function is not understood. We have observed six lines staining in these cells. There is one line which stains in all follicle cells except those at the very posterior end at stage 10. There are 10 lines which show staining in anterior follicle cells at stage 13 and 14 860 only, suggesting that a group of genes is required for the late stages of egg differentiation.
The follicle cells which lie at the posterior end of the egg chamber have been shown to receive the grk signal from the oocyte during early stages (stages 2-7) and send a signal back to re-organize the anterior and posterior polarity of the oocyte. The functions of the posterior follicle cells at later stages have not yet been identified. We found that 21.3% of the lines show staining in the posterior follicle cells. Most of them form a cap-like pattern to cover the posterior end of the oocyte at about stage 10. Interestingly, a large proportion (11/32) of these lines stain in both anterior and posterior follicle cells, suggesting that these two groups of cells share the expression of many genes. We observed 11 lines expressed in posterior follicle cells at stages 13 and 14 only.
Another major category of P [gal 4 ] lines (24.0%) showed staining in the follicle cells over the oocyte during the middle and later stages; these follicle cells form most of the egg shell of the mature egg. Among these, 27 lines show staining in the follicle cells over the oocyte from stages 10 to later stages, while nine lines only showed staining in the stage 14 follicle cells.
At the anterior end of each ovariole lies the germarium, where oogenesis commences. We observed that 4.7% of the lines showed staining in cells located in this area. They are likely to be follicle cell precursors since we never observed staining in germ line cells at any stage of oogenesis.
When the egg chambers are budding from the germarium, they are interconnected by several specialized stalk cells. It has been suggested that the Notch and Delta signalling pathway may have a function in the specification of these follicle cells (Ruohola et al., 1991) . We observed that 6.7% (10/150) of the lines showed staining in these follicle cells. A pair of specialized follicle cells located at both the anterior and posterior poles are called polar cells, they express Fascilin-III and neuralized (Ruohola et al., 1991) and are thought to be determined and cease division in region 2b of the germarium (Margolis and Spradling, 1995) . Notch and Delta signalling is also required for their determination. We observed five lines expressing the reporter gene in these cells, and all of them show expression in both the anterior and posterior polar cells, supporting the idea that these cells have related origins.
There are only four lines among the 150 lines which showed staining in all the follicle cells. This may suggest that the target genes of these lines are 'house-keeping' genes which are constitutively expressed in development. A further 22 lines show staining in patches of follicle cells, 861 but are not always reproducible from ovary to ovary; these have not been further analysed.
At the dorsal anterior region of the mature egg, there is a pair of chorionic appendages, also known as dorsal appendages. Dorsal appendages are secreted by two groups of dorsal anterior lateral follicle cells in response to the grk signal from the oocyte at about stage 10. We observed that 12.7% of the lines showed staining in the follicle cells surrounding these structures.
Outside the egg chambers there is a layer of somatic cells, called the epithelial sheath cells, which surrounds the ovarioles. Their function has not been investigated in detail. We observed 12 lines showing expression in these cells.
Cloning nearby genes with related expression patterns
The method of cloning the flanking DNA and isolating a gene of interest, with a potential role in the follicle cells during oogenesis, is described in Figure 5 . The cloning of flanking genomic DNA can be achieved by using a 'plasmid rescue' technique, which includes cutting the genomic DNA from the P[gal 4 ] line with an appropriate enzyme, followed by re-ligation and transformation into E.coli ( Figure 5, Step 1). Larger flanking genomic fragments can be isolated by using this rescued DNA fragment as a probe to screen a fly genomic library. Several cDNA clones may then be isolated by screening an ovarian cDNA library with the larger genomic fragments as probes. Whole mount RNA insitu hybridization to the ovaries with the cloned cDNA as a probe helps to identify whether these cDNA clones are from the target gene, by comparing their expression patterns with the reporter gene expression pattern. Since there are often numerous enhancer sites located near any given gene and the P [gal 4 ] may well only be influenced by a subset of them, one would expect to find near to the insert a gene expressed in at least the cells observed to contain β-galactosidase, but probably extending to further cells and developmental stages.
An example is shown in Figure 6 , which shows the relationship between the β-galactosidase staining and an insitu hybridization to RNA in the ovary (Figure 6b ). This gene encodes an unconventional myosin VI which is expressed in the anterior follicle cells prior to their migration through the nurse cells (W.-M.Deng and M.Bownes, unpublished data; Kellerman and Miller, 1992) .
Conclusions
This approach has given us a method of identifying genes used in subsets of follicle cells in oogenesis and the flexibility of the system will allow us to investigate the function of these genes in the differentiation of the oocytes.
